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Case Report Rapport de cas

Alveolar hydatid disease (Echinococcus multilocularis) in the liver of a 
Canadian dog in British Columbia, a newly endemic region

Andrew S. Peregrine, Emily J. Jenkins, Brian Barnes, Shannon Johnson, Lydden Polley, Ian K. Barker, 
Bradley De Wolf, Bruno Gottstein

Abstract — An adult dog that lived in central British Columbia was examined because of a history of lethargy 
and vomiting. Histology, immunohistochemistry, and polymerase chain reaction (PCR) examination of a hepatic 
mass confirmed the presence of an alveolar hydatid cyst, the first description of Echinococcus multilocularis in British 
Columbia. We provide recommendations for case management and remind practitioners in endemic areas of 
western Canada that dogs can serve as definitive and, rarely, intermediate hosts for E. multilocularis.

Résumé — Hydatidose alvéolaire (Echinococcus multilocularis) dans le foie d’un chien canadien en 
Colombie-Britannique, une région nouvellement endémique. Un chien adulte habitant dans le centre de la 
Colombie-Britannique a été examiné en raison d’une anamnèse d’abattement et de vomissements. L’histologie, 
l’immunohistochimie et l’amplification en chaîne par la polymérase d’une masse hépatique ont tous confirmé la 
présence d’un kyste hydatique, la première description d’Echinococcus multilocularis en Colombie-Britannique. 
Nous présentons des recommandations pour la gestion des cas et rappelons aux praticiens dans les régions 
endémiques de l’Ouest canadien que les chiens peuvent servir d’hôtes définitifs, et rarement, d’hôtes intermédiaires, 
pour E. multilocularis.

(Traduit par Isabelle Vallières)
Can Vet J 2012;53:870–874

O n July 14, 2009 (day 0), a 3.5-year-old, 7.2-kg neutered 
male shi tzu/bichon frisé cross dog was presented to a 

small animal practice in Powell River, British Columbia (BC) 
with a 10-day history of intermittent vomiting and regurgita-
tion. The dog was also noted to have been lethargic and reluc-
tant to jump during this period.

Case description
Palpation of the dog revealed a large firm mass in the cranial 
aspect of the abdomen; palpation of the mass elicited significant 
pain. Radiography revealed a 12 to 13 cm diameter soft-tissue 
mass in the right cranioventral aspect of the abdomen. In asso-
ciation with the mass there was pronounced caudodorsal and 
moderate leftward displacement of the stomach. The remain-
ing abdominal viscera were also caudally displaced; however, 

no abnormalities were noted in any of these organs. The mass 
appeared to be hepatic in origin, but due to the non-specific 
radiographic findings it was not possible to differentiate focal 
from generalized liver disease. Abdominal ultrasound was 
therefore recommended for further differentiation and poten-
tial guidance for a fine-needle aspirate. Thoracic radiography 
revealed no abnormalities.

On day 1, a complete blood (cell) count (CBC) (Scil Vet 
abc hematology analyzer; Scil Animal Care Company, Gurnee, 
Illinois, USA) revealed no abnormalities. However, total protein 
and globulin levels (Abaxis VetScan VS2; Abaxis North America, 
Union City, California, USA) were both elevated [total pro-
tein = 100 g/L; reference interval (RI): 54 to 82 g/L: globulin = 
73 g/L; RI: 23 to 52 g/L], most likely indicative of a chronic 
inflammatory process.
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After sedation with medetomidine hydrochloride (Domitor; 
Pfizer Animal Health, Kirkland, Quebec), 20.9 mg/kg body 
weight (BW), SC and butorphanol tartrate (Torbugesic; Wyeth 
Animal Health, Guelph, Ontario), 0.21 mg/kg BW, SC, ultra-
sound (GE LOGIQ e Portable Ultrasound machine; General 
Electric, Milwaukee, Wisconsin, USA) revealed a large hepatic 
mass with mixed echogenicity, cavitated lesions within, and an 
irregular surface (Figure 1). No abnormalities were found in 
the spleen, kidneys, bladder, or small intestine. On the basis of 
these findings, the hepatic mass was considered most likely to 
be either a tumor or an abscess.

On day 2, the dog was prepared for surgery by sedation with 
acepromazine (Acevet; Vétoquinol Canada, Lavaltrie, Quebec), 
0.1 mg/kg BW, SC, atropine (Atro-SA; Rafter 8 Products, 
Calgary, Alberta), 0.04 mg/kg BW, SC, and butorphanol tar-
trate (Torbugesic; Wyeth Animal Health), 0.21 mg/kg BW, SC. 
Intravenous access was established with a catheter in the right 
cephalic vein. Anesthesia was induced with propofol (Propoflo; 
Abbott Animal Health, Illinois, USA), 2.8 mg/kg BW, IV, and 
Lactated Ringer’s solution (Baxter Corporation, Mississauga, 
Ontario) was administered at 70 to 140 mL/h. Anesthesia was 
maintained with isoflurane (Isoflo; Abbott Animal Health, 
Illinois, USA) in oxygen and systolic blood pressure was moni-
tored non-invasively with a Doppler. Perioperative antibiotics 
consisted of enrofloxacin (Baytril injectable solution; Bayer, 
Toronto, Ontario), 3.5 mg/kg BW, IM at the time of induction.

An exploratory laparotomy was performed through a ventral 
midline incision; a large multi-lobulated firm mass was observed 
originating from the left medial liver lobe with adhesions to the 
left lateral liver lobe, the greater curvature of the stomach, the 
spleen, and omentum. Grossly, the mass had an irregular surface. 
After separating the omentum from the mass, the affected liver 
lobes were exposed and a TA 30 stapler with a 30-V3 titanium 
cartridge was used to resect the mass. However, not all abnor-
mal hepatic tissue could be removed. Furthermore, since the 
splenic blood supply was within the mass, a splenectomy was 
also performed using a standard double ligation technique and 
polyglactin 910 suture. Excision of adherent tissue from the 
greater curvature of the stomach was accomplished by partial 
gastrectomy, using polydioxanone suture to close the gastrec-

tomy incision in a 2-layer inverting pattern. Examination of all 
other abdominal organs, including the other liver lobes, revealed 
no gross abnormalities. The abdomen was then lavaged with 
warm saline, and the laparotomy incision closed in a routine 
manner. Post-operatively, the dog was administered morphine 
(Morphine sulfate injection; Sandoz Canada, Boucherville, 
Quebec), 0.47 mg/kg BW, SC, and Lactated Ringer’s solution 
IV was continued at 30 mL/h. Recovery from anesthesia and 
surgery was uneventful. Subcutaneous administration of mor-
phine (0.47 mg/kg BW) was repeated at 6 and 11 h after the 
initial dose, and 1 additional dose of enrofloxacin (3.9 mg/kg 
BW, SC) was given.

On removal, the mass weighed 570 g and contained multiple 
coalescing white nodules that were poorly demarcated and 
appeared to infiltrate adjacent hepatic tissue (Figure 2). One 
of the cavitated lesions was opened and a swab submitted for 
bacterial culture and sensitivity. Samples of spleen, liver, and 
stomach wall were also sent for histopathology.

On day 3, the dog was clinically normal, except that bowel 
movements were absent. The animal was administered enro-
floxacin (3.9 mg/kg BW, SC), meloxicam [Metacam 0.5% 
injection; Boehringer Ingelheim (Canada), Burlington, Ontario], 
0.2 mg/kg BW, SC, and Lactated Ringer’s solution IV was 
continued at 20 mL/h. Approximately 10 h later, the dog 
received enrofloxacin (3.9 mg/kg BW, SC), butorphanol tartrate, 
(0.23 mg/kg BW, SC), Lactated Ringer’s solution continued 
as before, and the animal consumed a small amount of Gastro 
(Medi-Cal; Royal Canin Canada, Guelph, Ontario) mixed 
with water.

On day 4, the dog continued to clinically improve and was 
treated with enrofloxacin (4.0 mg/kg BW, SC, q12h), meloxicam 
(0.1 mg/kg BW, SC, q24h), and Lactated Ringer’s solution IV 
was continued at 20 mL/h. Twice during the day the dog con-
sumed Gastro mixed with water. Culture of the swab from the 
liver mass revealed no growth after 72 h incubation.

On day 5, the IV catheter was removed and the dog was 
treated with enrofloxacin (4.0 mg/kg BW, SC). Approximately 
9 h later, enrofloxacin was administered at 8.1 mg/kg BW. On 

Figure 1. Longitudinal ultrasound image of the left liver. Note 
the liver’s irregular surface, mixed echogenicity and cavitated 
lesions within.

Figure 2. Photograph of the resected hepatic mass. Notice the 
multiple generalized coalescing white nodules that appear to 
infiltrate hepatic tissue. Bar = 3 cm.
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day 6, the dog was still doing well, was treated with enrofloxacin 
(8.1 mg/kg BW, PO), and discharged with instructions that it 
should receive enrofloxacin (8.1 mg/kg BW, PO q12h) for 1 wk 
and Gastro for its diet.

Histopathology of the mass was received on day 6. Within 
several of the liver sections, hepatic architecture was effaced and 
replaced by multilocular coalescing cystic structures surrounded 
by fibrosis. Lining individual cysts was a hyaline capsule wall 
with an inner lining of basophilic matrix containing occasional 
calcareous corpuscles. Multiple intraluminal protoscolices with 
bifringent hooks were present, which were occasionally sur-
rounded by a thin membrane (Figure 3). Hepatic parenchyma 
immediately adjacent to the multilocular cystic structures was 
replaced by fibrosis infiltrated by low numbers of mixed inflam-
matory cells, large areas of necrosis, and multifocal mineraliza-
tion. The remaining liver parenchyma was characterized by 
hepatocellular atrophy with biliary hyperplasia and extensive 
sinusoidal congestion.

Adherent to the serosal surface of the gastric wall was a thick 
layer of fibrous stroma dissected by numerous multilocular 
cystic structures that were occasionally lined by a hyaline mem-
brane. However, intraluminal protoscolices were not observed. 
Infiltrating the stroma were moderate numbers of lymphocytes, 
plasma cells and macrophages. Multifocal areas of necrosis 
were present throughout this tissue. The overlying muscularis, 
submucosal, and mucosal layers were not affected. Moderate 
congestion of the splenic red pulp was present. However, there 
was no evidence of extension of the fibrotic or inflammatory 
lesion, and protoscolices were not observed.

Collectively these findings were consistent with the presence 
of an Echinococcus species. However, in order to obtain definitive 
identification of the species involved, analysis using molecular 
techniques was required.

In light of the Echinococcus sp. identification, a fecal sample was 
collected on day 9, submitted for analysis (Idexx Laboratories) and 
examined using a sodium acetate-acetic acid-formalin sedimenta-
tion method (1); no parasite eggs were identified.

On day 10, the owner reported that the dog vomited bile 
or clear fluid approximately 4 times and was lethargic. It was 
therefore administered only clear liquids, 12.5 mg dimenhydri-
nate (Gravol; Church & Dwight Canada Corp., Mississauga, 
Ontario), q12h to q8h and 2.5 mL bismuth subsalicylate (Pepto-
Bismol; Procter & Gamble, Toronto, Ontario), q12h to q6h. 
On day 14, the owner reported that the dog had vomited clear 
fluid and food on multiple occasions. As a result, the dog was 
administered metoclopramide (Reglan; Alaven, Pharmaceutical 
LLC, Marietta, Georgia, USA), 0.4 mg/kg BW, PO q12h 
for 10 d. Thereafter, metoclopramide was administered at 
0.4 mg/kg BW, PO q24h as required. On day 16, the vomiting 
was reported to have ceased. On day 17, the collective opinion 
of several parasitologists was that histologically and grossly the 
lesion appeared most likely to be the metacestode (intermediate) 
stage of Echinococcus multilocularis. Since dogs are typically a 
definitive host for this parasite the dog was treated on 1 occasion 
between days 18 and 25 with praziquantel (5 mg/kg)/pyrantel 
pamoate (5 mg/kg)/febantel (25 mg/kg BW) (Drontal Plus; 
Bayer, Toronto, Ontario) PO. On day 42, the owner reported 
that the dog was doing well. However, whenever treatment with 
metoclopramide was stopped the vomiting started. As a result, 
metoclopramide (0.4 mg/kg BW) was thereafter administered 
PO q24h to q12h, as needed. On day 50, the dog was reported 
to have been dull and lethargic for a few days, and to have vom-
ited Gastro; the dog was being treated with metoclopramide, 
0.4 mg/kg BW, PO q24h at night. Feeding was changed to 
4 small meals of Gastro per day, and the dose of metoclopramide 
was increased to 0.4 mg/kg BW, PO q12h.

On day 55, frozen tissue from the excised liver mass was 
sent for analysis to the Institut für Parasitologie, Universität 
Bern, Switzerland. Firstly, polymerase chain reaction (PCR) 
was carried out to amplify a section of the mitochondrial 
12S rRNA gene. The resultant PCR fragment was sequenced 
and shown to be 100% identical to the sequence of reference 
E. multilocularis (2). Secondly, restriction fragment length 
polymorphism analysis was performed on PCR-generated 
fragments of the mitochondrial NADH dehydrogenase 1 and 
12S rRNA genes (3); the obtained PCR fragments matched 
those of reference E. multilocularis. Finally, direct immunofluo-
rescence of frozen tissue sections indicated that the tissue was 
positive for E. multilocularis antigen (4). A definitive diagnosis 
of E. multilocularis was therefore made, and conveyed to the 
attending veterinarian on day 85.

Since some of the hepatic mass was not removed at surgery, 
treatment of the dog with albendazole (Summit Compounding 
Pharmacy, Toronto, Ontario),10 mg/kg BW, PO q24h (5) began 
on approximately day 123; a similar treatment protocol is used 
in humans with hepatic alveolar echinococcosis (6). Because this 
dose can cause bone marrow suppression in dogs, it was recom-
mended that a CBC be carried out weekly for the first month 
then once every 3 to 4 mo.

On day 153, the owner reported that the dog’s appetite was 
reduced, that it had vomited several times over the previous few 
nights, and that it had lost approximately 0.3 kg in weight over 
the previous week. Treatment with albendazole was stopped 
and the dog was administered metoclopramide, 0.4 mg/kg BW,  

Figure 3. Photomicrograph of a section of cystic tissue from the 
mass shown in Figure 2. Note the 3 intra-luminal protoscolices 
surrounded by a thin membrane. The cyst is lined by a hyaline 
membrane (“laminated layer”). Hematoxylin and eosin, Bar = 
50 mm.
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PO q24h to q12h, as needed. Four days later, the dog was 
clinically normal. Resolution of the clinical signs suggested they 
were an adverse reaction to albendazole. However, since there 
is no proven alternative treatment for the metacestode stage of 
E. multilocularis in dogs, it was recommended that albendazole 
treatment be re-started at the same dosage. The owner was 
advised to stop treatment as soon as any gastrointestinal signs 
occurred, allow the dog to recover, and then check the CBC 
2–3 days later; if normal, treatment could resume. If any abnor-
malities were present (e.g., neutropenia), it was advised that the 
CBC should be rechecked every 5 d and that the albendazole 
treatment should only be re-started when the CBC was normal. 
Due to concerns about side effects, the owner decided not to 
proceed further with albendazole treatment.

Discussion
The dog described herein appears to be the first docu-
mented instance of a canid infected with the metacestode of 
E. multilocularis in North America. Echinococcus multilocularis 
is a zoonotic tapeworm that is found in much of Europe, and 
in parts of northern Asia and North America (7,8). The adult 
stage is a small tapeworm that resides in the distal small intestine 
of its definitive host and reaches a maximum length of 5 mm. 
Within the intestine, the tapeworm releases eggs that are passed 
into the environment during defecation (9).

Eggs of E. multilocularis are immediately infective and the 
life cycle continues when an intermediate host ingests viable 
eggs. Once consumed, the hexacanth embryo is released from 
the egg, travels through the intestinal wall, and migrates to the 
liver via the hepatic portal circulation (6). The metacestode 
stage of E. multilocularis is an alveolar hydatid cyst, composed of 
numerous small vesicles lined with a germinal epithelium from 
which multiple protoscolices develop. This stage is character-
ized by exogenous budding that frequently results in spread of 
metacestodes to other locations within the intermediate host (6). 
The life cycle is completed when an infected intermediate host 
is consumed by a definitive host; within the digestive tract, the 
protoscolices attach to the intestinal wall and mature. Although 
the rate of development of E. multilocularis in definitive hosts 
can vary, the typical prepatent period is approximately 5 wk (9).

Within its endemic range, E. multilocularis is sustained 
through a sylvatic lifecycle. In temperate areas, multiple defini-
tive and intermediate hosts are capable of perpetuating the 
parasite’s lifecycle; the red fox (Vulpes vulpes) is usually consid-
ered the most important definitive host, although other species, 
including coyotes (Canis latrans), raccoon-dogs (Nyctereutes 
procyonoides) and wolves (Canis lupus), are also suitable hosts 
(10). The most notable intermediate hosts in temperate areas 
are species of arvicoline and neotomine rodents including voles, 
lemmings, and deer mice (6,11).

Currently, E. multilocularis in North America is thought to be 
endemic in 2 distinct regions. The first, known as the Northern 
Tundra Zone, begins along the west coast of Alaska and extends 
northward and eastward to occupy most of the Canadian Arctic 
(12,13), although actual reports in Canada are limited (14,15). 
The second region, further south, is the North Central Region 
and consists of the southern portions of the Canadian provinces 

Alberta, Saskatchewan, and Manitoba, along with 13 neighbor-
ing USA states (North Dakota, South Dakota, Iowa, Minnesota, 
Montana, Wyoming, Nebraska, Illinois, Wisconsin, Indiana, 
Ohio, Missouri, Michigan) (13,16–18).

In North America, there are few documented instances of 
E. multilocularis infecting the intestinal tract of domestic dogs and 
cats. Most notably, in 1951, 12% of dogs belonging to the Alaskan 
Inuit on St. Lawrence Island were positive for E. multilocularis on 
postmortem examination (19). High numbers of rodents and the 
high prevalence of infection in dogs are believed to be the reasons 
that St. Lawrence Island had one of the highest rates of human 
alveolar echinococcosis in the world (7,20). However, to the best of 
the authors’ knowledge, cases of dogs with patent E. multilocularis 
infections have not been described elsewhere in North America. 
Although cats can be definitive hosts for E. multilocularis, very few 
cases have been reported in North America [3 in Saskatchewan 
(21) and 2 in North Dakota (16)]. No other cases were identified 
in the literature.

Human infections with E. multilocularis are extremely uncom-
mon in the USA and Canada. Other than the aforementioned 
cases in Alaska, only 2 cases of human alveolar echinococcosis 
acquired in North America are described; a man from Winnipeg, 
Manitoba (22), and a woman from Minnesota (23,24).

The 3-year-old dog described herein was primarily a house 
dog, and from the time of purchase at 8 wk of age had lived 
approximately 8 km southeast of Quesnel in central BC. The 
dog was obtained from a breeder who lived on a farm near 
Quesnel and had never travelled beyond an area 100 km north-
west of Quesnel, Powell River, and Victoria, BC. Approximately 
twice per week, from the time of purchase, the dog routinely 
visited a farm 8 km northwest of Quesnel. It is noteworthy that 
foxes and coyotes were known to reside in the area surround-
ing the home. Furthermore, while on the farm the dog had 
unsupervised access to fields, and occasionally returned home 
covered in strong-smelling material that was suspected to be fox 
feces; foxes were known to live in the area surrounding the farm.

As mentioned, the dog was infected with the metacestode 
stage of E. multilocularis, characteristic of an intermediate host. 
Additional work has indicated that the parasite strain was most 
likely European in origin (25). Although uncommon, similar cases 
of hepatic metacestode infections in domestic dogs have been 
described in Belgium (26), Germany (27), and Switzerland, in 
particular (5,28–30). In some cases, metacestode lesions were pres-
ent in the omentum, abdominal cavity, or lungs (27–29). Amongst 
these cases, the most common clinical signs at presentation were 
progressive abdominal enlargement, intermittent inappetence, and 
vomiting. It should be noted, however, that in contrast to the case 
from BC, in which E. multilocularis was previously thought to be 
absent, all these cases occurred in highly endemic areas.

It generally is thought that a dog can become infected with 
the metacestode stage of E. multilocularis via 2 routes. The first 
is through ingestion of large numbers of infective eggs (28). 
The second is a consequence of infection with adult parasites 
that release eggs in the dog’s intestine; the eggs hatch in the 
intestine, invade the intestinal wall and proceed to develop (28). 
Thus, dogs can be infected simultaneously with both adult and 
metacestode stages of E. multilocularis (31). It is unclear which 
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route of infection is more likely in the dog described herein. The 
sedimentation method used to examine the dog’s feces on day 9 
was negative, suggesting that the metacestode stage developed 
as a result of ingestion of infective eggs. This route of infection 
would be consistent with the dog’s suspected behavior of roll-
ing in fox feces, which could have resulted in ingestion of high 
numbers of parasite eggs. However, the diagnostic sensitivity 
of examining 1 fecal sample is not 100% (32). As a result, it is 
not possible to conclusively rule out intestinal infection with 
adult tapeworms.

In summary, veterinary practitioners in endemic areas should 
recognize that dogs may serve as both definitive and interme-
diate hosts for E. multilocularis, and that the metacestode of 
this zoonotic parasite is a rare potential differential diagnosis 
for hepatic masses. While infection of domestic dogs with 
E. multilocularis probably will remain rare, intestinal infections 
are likely to be under-diagnosed as the eggs of E. multilocularis 
are morphologically indistinguishable from those of E. granulosus 
and Taenia species (33); although they can be distinguished 
using molecular methods (3,34). Owners of dogs diagnosed 
with E. multilocularis (either the larval stage or adults) should 
consult with medical practitioners to ensure that they themselves 
have not been exposed, either through eggs shed by their dog 
or through common exposure of both dog and owner to eggs 
in feces of other carnivores. In endemic areas, dogs and cats 
that hunt and scavenge rodents should be routinely dewormed 
with a cestocide. Finally, this report is an excellent reminder of 
the role of veterinary practitioners in detecting the presence of 
pathogens with public health significance in animal sentinels in 
newly endemic regions. Future work includes determining the 
current distribution and genetic diversity of E. multilocularis 
within western Canada, important for assessing the risks of 
infection for wildlife, companion animals, and humans.
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